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(54) Product Integrity verification apparatus 

(57) A method and apparatus for verifying the com- 
position of a moving product employs a source of near 
infra-red radiation for illuminating the product. Means for 
receiving data relating to the location of the product and 
using said data to receive radiation from the source 
reflected from the located product and a spectrometer 
for receiving the radiation from the radiation receiving 
means and providing an output corresponding to the 
intensity of the received radiation at a number of differ- 
ent wavelengths are provided. Also provided is means 
for determining whether or not the product is within pre- 
determined integrity criteria on the basis of the spec- 
trometer output. 
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Description 

- ™l^Tr^*JTT? th0S9 * medical 8 h * h * comrol is requiJin £2 
Z?« £ rfl^f 18 to ^ ^ a small percentage of such a product (all outside strict quality require- 
ments, as this could have serious consequences tor an end-user of the product 

verif uTZZZlZSFl ° f 1 Pr °lf ^ ,flled 00 a P roduction line » i8 a wqurwnant that every tablet/capsule * 
ZTJlS *" ^ ^ * ^ oul usin 9 a *■»• to *«* tnat the 5e, shape aS col- 

our ofeach tablet are within preset limits. Only tablets that pass these quality checks are used to fill boWe? 

Su f B r^^ 5 ^12^^ " Si!. 8 * * pfCb,em6 ' ^ exampl9 ' ™ dinical ^aing lines tablets and cap- 
2ft£2?2 SJ^ ^ n06 ? rat !21! (InC ' Udi " 3 pl "* bQG) 0ten intol f«ia"y coincidentally visually idantt- 
£05 JSve Sn^Zt i^ts/capsules is not sufficient to distinguish different product types and 

The present invention Is directed toward overcoming this and other problems. 

* the . p f eBam ir1ven1ion is provided an apparatus for verifying the composition of a moving product 
me apparatus oompnsing: ' 
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a source of near infra-red radiation far illuminating the product; 

*> ™ 2ilStl d r I rda !H? 1°** l ° ca,icn * * e and receive radiation from the 

20 source reflected from the located product; 

a spectrometer for receiving the radiation from the radiation receiving means and providing an output correspond- 
ing to the intensity of the received radiation at a number of different wavelengths; and 
means for determining whether or not the product is within predetermined integrity criteria on the basis of the spec- 

trometer output. 



25 



The product may be a chemfcal product, for example, a tablet or capsule. 

The radiation receiving means may employ a gatvo-mirror, the position of which is altered dependent upon received 
location data in order to taiget a located product 

The spectrometer may comprise means for splitting received radiation in to a number of wavelengths for detection 
so by a photo-diode array. 

The Illuminating source may comprise one or more lamps. The apparatus may be arranged to verify the quality of 
one or more streams of product at the same time, using only one spectrometer. 

in a preferred embodiment, two lamps are provided for each stream of pwiuct to be tested, each lamp being 
directed at the stream at an angle of approximately 45°. Each stream is usually a single line of product 
99 The system may be controlled by a control PC via a dedicated interface card. 

The product location data may be provided by a known vision system located upstream from the apparatus. 
The apparatus may further comprise a caitoration target mechanism for providing a calibration target for the radia- 
tion receiving means. The calibration target mechanism may be arranged to move a calibration target into the field of 
view of the radiation receiving means ancl/or may be arranged to provide a caitoration target during operation of the 
*o apparatus. 

Means may be provided for calibrating the apparatus both on start-up and during operation. The calibration means 
may employ compensation representing a dark output from the spectrometer and an output from a reference target 

The determining means may employ a Gaussian weighted function in order to reduce the effects of noise. 

The determining means may employ a weighting factor in its determination function. The weighting factor may be 
*s employed to emphasise features that do not change between samples of the same tablet type. 

The apparatus may be arranged so that a product of unknown charactered can be fed through it and the charac* 
teristics of the product determined and used In future verification. If the apparatus is arranged in this way. it may also 
be arranged such that it provides an indication to the user of any additional special checking step that may be required 
if the new product is of similar composition to previously tested products. 
so A corresponding method is also provided. 

The invention is capable of real time verification of 100% of the product. 

The invention employs Near Infra-Red (NIR) to verify the composition of tablets and capsules before they are filled 
into bottles. This invention can therefore be used, lor example, in combination with known fillers on known packaging 

lines, 

55 The Near Infra-red Spectroscopy employed is based on the principle that certain molecules absorb radiation in the 
near infra-red wavelength region. The amount of absorption Is dependent on the molecule type and its concentration. 
This phenomenon may be used to distinguish tablets/capsules even when they appear visually identical. 

One example orf the present invention will now be described with reference to the accompanying drawings, in 
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which: 

Figure 1 te a schematic block diagram of an apparatus according t the present invention; 
Figure 2 is a diagram showing an illuminating means for use in the apparatus of the present invention; 
5 Figure 3 is a schematic diagram of a radiation obtaining means for use in the present invention; 

Figure 4 is a diagram showing a calibration mechanism, for calibrating an apparatus of the invention; 
Figure 5 is a schematic block ciagram showing control circuitry that may be employed with the present invention; 
Figure 6 is a timing diagram showing the control sequence of the apparatus of the invention; and 
Figure 7 is a schematic diagram showing a spectrometer that may be employed with the invention. 

Referring to Figure 1 , an apparatus 1 according to the invention is shown. This apparatus is employed in combina- 
tion with a known vision system 2 which detects the location of product 3 passing along a moving conveyor 4. 

In use tablets/capsules a are fed from a hopper (not shown) onto the conveyor 4 in two lines 9 by vibratory feeder 
stages. They pass beneath the vision system 2 where they are checked for size, shape and colour Positional data is 
15 also acquired so that the apparatus 1 can be directed to acquire spectra from the tablets/capsules. Product position 
data is provided from the vision system 2 to control circuitry 5, which may comprise a combination of a PC and custom- 
ised electronics, as described below. The control circuitry 5 controls radiation receiving means 6 and a spectrometer 7. 
it may also, optionally, control illuminating means 8. 

The position information and the known speed ol the conveyor 4 allow the control circuitry 5 to calculate the position 
so the radiation receiving means 6 must be moved to in order to collect radiation from each product as it passes a detection 
point. 

The radiation receiving means 6 collects rarfation from each tablet/capsule of product and focuses it onto the opti- 
cal ffere input of a spectrometer 7. The spectrometer 7 spite the radiation into a number of wavelengths which are 
detected by a photodiode array (not shown). The current from each photodiode is integrated for a preset period and 
55 then converted into a digital signal by an A/D converter, This data is transmitted over a high speed serial link back to 
the control circuit 5. The spectrum is then processed by the control circuit 5 and compared with the 'model' spectra for 
the type and dosage level of the tablet or capsule expected. If the similarity is within preset limits then the tablet will be 
accepted, otherwise It win be rejected. 

There are several constraints on the apparatus 1 of the invention due to the filler design and through-put require- 
so merits with which it may be operated. These are that: fill rate can be up to 750 tablets per minute per channel; conveyor 
belt speed can be In the region of 200mm/B; two streams per channel may be provided; stream centre lines can be in 
the region of 28mm apart; tablets may be up to W-6mm from a centre line; tablets in the two streams may be coincident; 
smallest tablets/capsules are approximately 5mm in diameter, and tablets may touch, giving a minimum tablet separa- 
tion of 25ms worst case; tablets/capsules can vary In size from apprax. 5mm diameter, 8mm thick to 20mm diameter, 
55 6mm thick; tablets may be in any orientation; if tablets are embossed or engraved on one side only, either the marked 
or dear side may be uppermost. A channel is usually considered to comprise a conveyor, inspection system and verifi- 
cation system. 

Furthermore, there should be little or no adjustment required to the apparatus 1 when changing over from one tab- 
let type to another. The apparatus 1 6hould be self-calibrating and not require a spectrometry 'expert' to set up the sys- 
40 tern for a new tablet type. 

The apparatus 1 should be sensitive to distinguish between a very high percentage of different tablet types and 
between a high percentage of tablet concentration levels. As actual sensitivities will vary from tablet to tablet, and can- 
not be predicted for tablets not actually analysed, the sensitivity limits must be determined empirically and can only be 
defined for particular tablets and concentration Iwels, 
4s Data processing should be algorithmic in order to aid validation of the process for Federal Drug Administration 
(FDA) approval of the apparatus 1 , 

The apparatus 1 has a number of environmental factors with which it should be able to cope. For example, operat- 
ing temperature should preferably be in the range 10 to 30°C ambient A cooling system (not shown) may be provided 
so that the focal temperature ambient within the optics and electronics enclosures does not exceed 10°C above ambient 
so (max. 40 fl C). 

The radiation receiving means 6 should be decoupled from any sources of vibration on any filler used m combina- 
tion with the apparatus, and bright external radiation should preferably be excluded from the scanning area. 

The apparatus 1 should ideally not require (manual) re-caltoration wtthin the specified operating limits or after 
cleaning operations. 

55 

OPTICAL SET-UP 

The radiation receiving means 6, shown in detail in Figure 3 is designed so that the intensity of reflected near inf ra- 
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red radiation id sufficient to allow the short detector integration times required typically 4ms, and arranged so that inci- 
dent and reflected radiation is as far as possible independent of product tablet 3 position and orientation on the con- 
veyor belt 4. As the conveyor belt 4 on which the tablets 3 lie may be contaminated with tablet dust and tablets 3 may 
be dose together, radiation must be collected only from on tablet surface at any one time, lb enable this a beam steer- 

e ing mechanism 12 is positioned using the tablet positional data obtained from the upstream vision system 2 so as to 
collect radiation from the tablet surface 3 arty. 

A window 1 1 protects the optical assembly from contamination and allows easy cleaning of the system. 
An example configuration, shown in Figure 2, consists of 4 tungsten halogen lamps with metal reflectors to direct 
a high level of radiation In the NIR region towards the sampling position. IWo lamps 8 are directed at each product line 

so 9 from an angle of 45*. This method gives a variability in illumination intensity of apprax. 1 0% over the variation h tablet 
position across the belt of each stream. This variability is measured on start-up of the apparatus and calibrated in soft- 
ware in control circuitry 5. 

Radiation from a 2mm diameter spot, collected as near as possible normal to the tablet Surface has been found to 
be an Ideal area of radiation collection for this application. This ensures that radiation is collected only from the tablet 
is (a/en for the smallest tablets) 3 and reduces the tablet and capsule surface curvature effects that would be more prob- 
lematic for a larger collection area. The 2mm diameter spot is still large enough however to lessen the variances in 
spectra reflected from the surface due to embossing on the tablet. Specular reflection is reduced by mounting the radi- 
ation sources 8 at 45° to the tablet surface. 

The collected reflation is focused by a lens 1 4 onto a 400um fibre optic cable 1 3 which then couples the racfiation 
20 into the spectrometer 7. Care Is taken to ensure the numerical apertures are matched throughout the system. The spec- 
trometer 7 employs a holographic grating 33 to spirt received radiation and cfirect ft to a photo-diode array 30 (Figure 7). 

An AISi0 2 coated gatvo-mirror 1 2 with a 10mm usable diameter aperture Is used to direct radiation from tablets 3 
at various positions across the conveyor belt 4. 

To achieve the required sensitivity the 2mm spot must be positioned on the centre of the tablet with an accuracy of 
2s better than, in this example, 0.7mm in the X and Y directions. 

The consistency of spectra from tablets 3 at different points across the belt 4. from different spectrometers 7 and 
over extended times periods with varying environmental conditions is of utmost importance. 

CALIBRATIQ N 

To achieve this either acquisition conditions must be identical and stay constant, or any variations must be cali- 
brated out. The apparatus is designed to minimise the variations between product streams and spectrometers 7 but 
small (yet significant) variations will still be present which may also vary with time. To ensure the best quality spectra 
each channel will perform an initial set-up calibration at power on then periodically re-calibrate itself as the machine is 
55 running. 

The calibrations are required tor positional accuracy, variability in spectrometer characteristics, and variations in 
reflected radiation levels. 

Initial set-up is done manually and is only required on assembly of each channel or if a component is moved or 
replaced, Calforation is required for each stream. 

40 Positional set-up Is performed by placing a set-up calibration target (not shown) on the conveyor 4 underneath the 
vision system 2 and apparatus. The set-up calibration target should be parallel to the direction of tablet movement. Cal- 
ibration marks on the set-up target represent tablet positions for the two streams about each centre line. The calibration 
marks are located by the vision system. The NIR system is adjusted so that radiation is coflected from the correct posi- 
tion downstream of each of the calibration marks. This creates a calibration file relating vision system calibration mark 

45 position to galvo-mirror angle. 

The set-up calibration target has a height of, in this example, apprax. 4.5mm above the belt surface. This is the 
median of tablet heights. Variations in tablet scan position due to changes in tablet height are small enough so that re- 
calforation is not required for each different tablet Any variations that do occur are consistent for a particular tablet type 
and height. 

so On power-up or channel reset the apparatus 1 checks that the radiation from a run calibration target 20 is within 
preset tolerances over the range of tablet positions across the belt. This ensures that all lamps 8 are functional and that 
the radiation reading means 6 is not contaminated. A run calibration target 20 with a standard reflectivity may be used 
to ensure measurements are calibrated to the same standard even across different lines or spectrometers 7. The radi- 
ation reading means 6 and spectrometer 7, together with any control circuitry should are encased in this example to 

as NEMA12 standard (approximate to IP62) to prevent dust contamination. 

The run calibration target mechanism 19 te shown in Figure 4. In a 'run' mode the reference target 20 is rotated 
through 90° by motor 1 7 to allow tablets to pass either side of a central bar 1 8. As well as supporting the reference tar- 
get 20 the bar 18 also acts as a physical separator between the two product lines. When a power up/system reset cal- 
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ibration is carried out the target 20 is rotated back across the bett 4 (once th belt has been cleared of tablets/capsules) 
allowing the garvo-mirror 12 to scan me length of the target Position sensors 21 confirm that the target 20 has fully 
rotated. In the 'run' position the central portion of the calibration target 20 is still within the field of view of the gatvo-rrrir- 
ror 12. This allows periodic re-calibration of the spectrometer 7 'on the fly* without rotating the reference target 20 and 
5 clearing the conveyor 4. 

A flat ftekT calibration Is carried out to compensate tor variances In Domination/reflection intensity (at each of the 
sampled wavelengths) over the range of possible tablet/capsule sample positions. 

The galvo-mirror 12 acquires spectra over the Yield of view* tor each line at regular steps. The dark current Is also 
measured before each scan. The intensity at each wavelength and each position is normalised giving a setpf gain and 
10 offset correction values. The gain and offset corrections are applied to the raw spectra acquired in subsequent tab- 
let/capsule scans. Linear interpolation is used to determine the corrections for positions between the sample points. 

Periodic calibration compensates for variances in the spectrometer response over time. Whenever there is a gap 
of greater than 1 4ms between target acquisition times the apparatus 1 calibrates itself. 

There are two stages to this re-caNbration: 

1S 

1. The galvo-mirror 12 moves to its 'dark scan' position where no radiation is collected by direction towards a target 
31 (Figure 3). A spectrum is acquired to give the dark current for each spectrometer photodlode 30 (Figure 7). 

2. The galvo-mirror 1 2 moves to collect radiation from the reference target 20. A spectrum is acquired and the gain 
and offset pairs adjusted so that the spectrometer response is normalised. 

so 

For periodic calibration the gain and offset pains for each wavelength are globally adjusted for each of the scan posi- 
tions across the conveyor 4. 

A NIR oontrol/lmerfece card 15 is mounted in one of the PCI interface slots in a control PC 16 to provide control 
circuitry 5. AH data processing is carried out by the PC 1 6, only the lowest level control and interface functions are per- 
26 formed by the NIR card 15. 

All programmable devices are arranged to allow programming in situ. 

The galvo-mirror 12 is required to drive a 10mm usable aperture AlSiOg minor to direct the reflected beam. From 
the optics geometry in this example the mirror is required to scan over a 40mm line corresponding to a 23 optica) (1 1 .5 
mechanical) swing in under 3ms. A 10 bit D/A converter 31 output to the servo controller gives a positioning accuracy 
30 of approx. +A0.1 mm, which is better than the positioning accuracy required. The position feedback signal from a servo 
controller to the NIR control card 15 confirms the position of the mirror. 

To direct the galvo-mirror 12 to the 'dark scan' target an additional 40° of movement is required, giving an total 
excursion of approx. 63° optical (31.5° mechanical). 

Whenever the conveyor 4 la stopped (due to a filler Emergency stop for instance) the power to the racfiatton source 
35 is removed to avoid possible heat damage to either the conveyor bett 4 or tab) eta/capsules 3 from prolonged exposure. 
The castration target 20 is moved using as small DC motor 1 7 with a friction drive to a target wheel 23. Through 
beam optical sensors confirm position. 

The apparatus 1 verifies product integrity in a manner now to be described. Generally, only one type of product is 
present on each channel of the filler at any one time, therefore it is not necessary to identity each tablet/capsule of prod- 
40 uct only to verify that it Is oi the expected type and concentration on that channel at that time. 

DATA ANALYSIS 



The sequence of analysts operations is detailed below; 
4s For calibration correction, raw spectrum data from the spectrometer 7 giving the reflected radiation Intensities at 
intervals (eg. 3.8nm) are calibration corrected to give a 'standard* value Independent of the spectrometer 7 and radiation 
receiving means 6 characteristics, using the algorithm: 

lraw n -ldarK n 



so 



where 



n = wavelength number (0 to 255 corresponding to 1.2 to 2.2pm) 

lcal n « calibrated intensity 
56 lraw n = raw intensity valu 

Idarkn ~ intensity due to diode dark current 

Mnpo* = intensity of reference target interpolated from values obtained over range of tablet positions during cal- 
ibration 
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The calibrated intensities are then smoothed using a Gaussian weighted function to reduce the effects of noise, 
using: 

lsmoolh8d JQQxteal n+ i20x(lcal n - : Htoal ^MOxtlcal n .^lcal fHg >tgOx(lcal n<) ^lcai ^) 
5 n 280 

The data Is. then auto-scaled (mean centred over the range ol wavelengths and scaled so that the variance of the 
scaled data is equal to 1. with a data range of +M) using: 



iscaied n . '^thed n -lsmocrthed 



(£(lsmoothed n - (smoothed) Z J m ] 



is This reduces the effects of different intensity values due to tablet orientation etc. 

The 1 st derivative of the data Is taken to highlight differences in the slope and position of spectral features between 
different samples, using: 

""""—to- 

It the filer Is in learn' mode (see below) the spectra for a number of tablets/capsules are acquired. The master 
model is crea^ for that t^ 
where 

25 ... ■ 

Model n = g 



30 v Range variable for all spectra acquired 

S= Number of spectra. ; ,\ ; ( 

As some spectral features vary between samples of the same tablet/capsule type (due to varying water content 
among other factors), a weighting factor is derived that gives more emphasis to features that do not change between 
3$ samples of the same tablet/capsule type. This increases the resolving power of the apparatus 1 to distinguish between 
tablets that are very similar. f A 

The weighting factor is derived from the standard deviation of the distance between the intensity values and the 
master.model intensity at each wavelength, using: 

DistModel M =Wer^ 



45 , SDModeL 



i 



£(DistModel sn -DistModef) ' 



■-, - ' ; v ' WF n -SDModel N 9 

60 , The Euclidean distance of each sanple within the model data from the model te calculated, with the weighting fac- 
tor applied. The mean of Ws value la then used to determine the standard deviation for the model i.e. determine the 
distribution of distance measurements in the model sample set about the mean model spectrum. A normal distribution 
is assumed, using: ( . . , ..... , A 

55 L(Ofe!Model n ) z 

EudidDtetModel,- 



WF n 
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derived from the pixel position of the centre of gravity of the tablet determined by the vision system. 

NIRSampleTlme The time in me that the NIR acquisition sequence should start This is derived from the time that 
vision system acquired the image of the target centre of gravity plus the time taken for th tablet to 
move along the conveyor from th vision system to th NIR acquisition point If the centre of gravity 
5 °f fe'Oek ve less than 7me apart the NIRSampleTime ia adjusted so that one target is sampled 

oAnjl AJ 6l»9hfly early and tfie other slightly late. In th worst case this gives a mis-posrtion of 0.7mm. 

PCBufferAddress The address of the buffer In PC memory where the NIR spectrum should be placed 
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The parameter AoquisitionType determines the sample type to be made, with 0 - Normal scan. 1 - Dark scan. In 
dark scan mode the spectrum is acquired with the spectrometer shutter 32 dosed. Note that this mode is only used dur* 
ing initial set-up and testing. Periodic calibrations with the associated filler operating direct the galvo-mirror 12 to the 
dark-scan target and acquire dark current values for the diodes with the shutter open. 

* r 1 " ^j" 1 **** r0utino < Periodically, the current time is compared with the sample time of the next tablet on 
tfieha. if they are the same, the NIR Require function is called which passes the tablet ID. TargetPosition and PC Buffer 
Address to the NIR card 15. The NIR card 15 moves the gatvo mirror 12 to the required position and a short period 
(eg. 3ms) later triggers the spectrometer 7 to start acquiring the spectrum. After the integration time the spectrometer 
7 sends its data over a high speed serial link to a buffer memory on the NIR card 15. The data is then transferred using 
DMA access to the PC 16. The NIR card 15 raises an interrupt on completion of this transfer. 

An Interrupt Handier routine is called on completion of the transfer an NIR spectrum to PC memory. It resets the 
interrupt request on the NIR card 15 and informs the NIR user level thread on the PC that data is available to be proc- 
essed, 

A user level Windows NT thread provides the interface to the rest of the system, coordinates the higher level control 
of the apparatus 1 and implements the processing of the raw data to determine whether a particular tablet should be 
accepted, rejected or re-cycled. H also provides the functions for on-line calibration and learnA^rrfy' mode operation. 
The external functions provided include: performance of processing on the specified spectrum data as detailed 
above. This function returns a value to indicate whether the target was accepted or rejected. If the apparatus 1 was una- 
ble to scan or analyse the target for any reason the function returns a 'donl know' value. The reason is also communi- 
cated to the channel control functions so that appropriate action may be taken. 

Other functions include creating a new NIR master model, adding the most recently acquired spectrum to the 
model data set, allowing model acceptance limits etc. to be altered, getting an existing NIR model from the database, 
storing a new or modified master modal In the database, causing an re-calibration sequence. The parameter type* 
selects either power on/system reset or periodic re-calibration. 

A Calibrate Request function requests the channel controller to halt the passage of tablets/capsules 3 onto the con- 
veyor belt 4, so that a 'gap' is created so that an on-line calibration sequence may take place. This function is only caBed 
35 if the targets on the belt are so tightly spaced that there have been no breaks between scans long enough to perform a 
calforation scan within a preset period. 

Several functions are required for development and testing but are not used during the normal operation and cali- 
bration of the ffller. The functions Include: cSsplay of spectrum for specified sample (reference scan, dark scan or tab- 
let/capsule scan) in 'real time'; processing stages may be individually enabled and disabled and/or stepped 
40 through.display of spectrum for specified model in Yeal time*; dumping of spectrum data (at various stages of process- 
ing) for later off-line analysis; and logging of data/messages to a fog file for debugging purposes. 

OPERATION 

4$ The apparatus of the invention has various operating functions, which are set out below. 

A master model for each tablet/capsule type is stored on a database. This model includes attributes ol the tablet 
such as name, dosage, size, shape, colour as well as the NIR model. 

The NIR master model defines the NIR spectrum characteristics of a particular tablet/capsule 3. 
When a different tabletfcapsule 3 is loaded onto the filler machine the operator is required to select the master 
so model for that tablet/capsule from a selection menu. 

If the tablet/capsule is of a new type not run on the filler before, the operator selects 'new tablet/capsule' and entem 
information on name, dosage etc. 

The filler then transitions to either a Verify mode* where the tablet loaded is compared with me master model in the 
case of a known tablet/capsule, or learn mode* where a new master model is created in the case of a new tablet/cap- 
as sule. 

When a tablet/capsule type Is changed and a master model does not exist a number of tablets/capsules ar run 
through the system to create a new master model. The 'mean* spectrum of these tablets is used to create the model. 
This new model is compared against all previous master models stored on the apparatus to check that the new tab- 
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|2^«typecanber^ 
* tofilS^^^^ 

. .J^™^ 01 to vw™*™ the model is dependent on the variability in the spectra acquired, 

but ts typeaDy a few hundred tablets. Tnese tablets are re-cycled to the hopper. ^ ' 

is calibrated to the same standard, so the master model is independent of (he line 9 used to acquire the spectra 
^J™ 5 ™ taWet/caps tl e ia «*» a model already exists, a number of tablets/capsules are run 

SZSc?!^^ 6 ^'rf Urn 01 91686 tabl « s **P*«« * compared with the master model and v the 
J^ 6 ,^ « r !J wl!Mn »n» the tableVcapeule is accepted and the filler may be used to fill bottles in 

loaded^ ' ^ * 00181(16 <he l,mft$ th6 operator is inte ^ med ** *e wrong type of tablet may have been 
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Thenumber of tablets required for confirmation is dependent on the variability in the spectra acquired, but is typi- 
cally a few hundred tablets. These tablets are re-cyded to the hopper. W 
Once the identity of the tablets/capsule* loaded into the filler has been confirmed, the operator may select a 'run 
mode . The eequence Of Operations is automatic and requires no further operator interaction (apart from responding to 
alarms, refining a hopper and emptying the reject bin). ^ 

Each tahlet/eapeule that has passed the size, shape and colour quality checks performed by the vision system Is 
sampled by the spectrometer 7 and its spectrum compared with the master model. If the difference value between the 
^TfTJL masfer mod€l 18 wi * in confidence limits it is accepted and directed to the appropriate bottle to 

~ i^/ lf **? um * ^* tabletfcapsule is outside the limits (or the sl*e. shape and colour verification failed) the tab- 
as levcapsule is directed to a reject bin and a message logged. 

Any targe variations in reflected radiation intensity will be flagged to the operator as a possible fault on the system 
Th» includes failure of one or more lamps 5, failure of the spectrometer 7, or dirt build up on the optical window 1 1 

Set-up of the radiation receiving means 6 is only required on initial commissioning or after a component replace- 
ment This is a manual operation carried out by a technician using test equipment and restricted access maintenance 
screens, A monitor screen, keyboard and mouse are connected local to the channel control PC 16 for these operations 
The apparatus 1 should reliably accept the tablets/capsules of the expected type and dosage concentrations and 
rqect all others, other than in the exceptional cases detailed below: 

Exception A: It is accepted that in a email minority of cases where NIR signatures are weak and dosage Iwels are 
55 * 6 apparatus may not be able to reliably distinguish between tablets/capsules of low concentration level* of 

the same active component. These exceptions will be recorded. 

Exception B: In some cases tablets/capsules of different dosage levels of the same active conponent type may 
have the same concentration level per unit volume. The apparatus will not distinguish between these tablets/cap- 
sules, but as different dosages must be of a different size, the visual Inspection system can distinguish between 
w them. 

Exception B should never oocur as in the filler implementation the NIR verification is only required where the 
(rogue) tablets are of the same size, shape and colour as the expected type. 

When a new master model is created tor a new tablet/capsule type the newly created model is compared with all 
4s the previously created master models tor other tablets/capsules. The 'difference' between the new model and the exist- 
ing model is calculated tor each case. Whenever the new model b inside the acceptance limit for an existing model (as 
is likely tor exception A above) or the existing model is within the acceptance limits of the new model these similarities 
are recorded and highlighted to the operator. Thus a log is kept of small minority of cases where tablet/capsule types 
cannot be reliably distinguished. In these cases special operating procedures may be put in place to ensure that the 
so tablets/capsules loaded onto the filler are verified using alternative ofMine techniques. 

The performance of the apparatus 1 1s checked both during a power~upfeystem reset and automatically as the sys- 
tem is running. These checksAe-caffbrations compensate for gradual variations in spectrometer performance and sys- 
tem failures. Virtually all mechanical, electrical or optical failures are detected either during the calibration process or 
cause a fell to safety where the acquired spectrum is outside the acceptance limits and tablets/capsules are directed to 
35 the reject bin. It Is therefore extremely unlikely that a failure could give rise to a false accept Of tablets. 
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Claims 

1. An apparatus for verifying the composition of a moving product, the apparatus corrprfeing: 

s a source of near infra-red radiation for illuminating the product; 

means for receiving data relating to the location of the product and using said data to receive radiation from the 
source reflected from the located product; 

electrometer for receiving the radiation from the radiation receiving means and providing an output corre- 
sponding to the intensity of the received radiation at a number of different wavelengths; and 
w means for determining whether or not the product id within predetermined integrity criteria on the basTs of the 

spectrometer oulput 

2. An apparatus according to claim 1 , wherein the product is a chemical product 

r$ 3. An apparatus according to any of the preceding claims, wherein the radiation receiving means employe a galvo- 
mirror, the position of which is altered dependent upon received location data in order to target a located product. 

4. An apparatus according to any of the preceding claims, wherein the spectrometer comprises means for splitting 
received radiation in to a number of wavelengths for detection by a photo-diode array. 

20 

5. An apparatus according to any of the preceding ciaims, wherein the illmrinatirtg source comprises two lamps for 
aach line of product to be tested, each lamp being directed at the line at an angle of approximately 45*. 

6. An apparatus according to any of the preceding claims, wherein the apparatus is arranged to verify the quality of 
2s plural lines of product at the same time, 

7. An apparatus according to any of the preceding claims, wherein the system is controlled by a control PC via a ded- 
icated interface card. 

30 8. An apparatus according to any of the preceding claims, wherein the product location data is provided by a vision 
system located upstream from the apparatus. 

9. An apparatus according to any of the preceding claims, wherein the apparatus further comprises a calibration tar- 
get mechanism for providing a calbration target for the radiation receiving means. 

ss 

10. An apparatus according to claim 9, wherein the calibration target mechanism is arranged to move a calibration tar- 
get into the field of view of the radiation receiving means and/or is arranged to provide a calibration target during 
operation of the apparatus. 

40 11- An apparatus according to any of the preceding claims, wherein the determining means employs a Gaussian 
weighted function. 

12. An apparatus according to any of the preceding claims, wherein calibration means are provided for calibrating the 
apparatus both on start-up and during operation. 

45 

13. An apparatus according to claim 12, wherein the calfrration means employs compensation representing a dark out- 
put from the spectrometer and an output from a reference target. 

14. An apparatus according to any of the preceding ciaims, wherein the determining means employs a weighting factor 
so in its determination function. 

15. An apparatus according to claim 14, wherein the weighting factor is employed to emphasise features that do not 
change between samples of the same tablet type. 

56 1 6. An apparatus according to any of the preceding claims, arranged so that a product of unknown characterstic can 
be fed through it and the characteristics of the product determined and used In future verification. 

17. An apparatus according to claim 16, arranged such that it provides an indication to the user of any additional spe- 
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^checking step that may be required if the unknown product is of simitar composition to previously tested prod- 

18. A method for verifying the composition of a moving product, the method comprising the steps of: 

illuminating the product with a source of near infra-red radiation; 

rec^jdata relating to the location of the product and using said data to receive radiation from the source 
reflected from the located product; 

recdvinfl |th$ radiation and providing an output corresponding to the intensity of the received radiation at a 
10 number of different wavelengths; and 

determining whether or not the product is within predetermined integrity criteria on the basis of the output 

19. A method aooording to claim is, wherein the product is a chemical product 

1* 20. A method according to claims 1 8 or 19, employing a galvr>mlrror. the position of which Is altered dependent ipon 
recerved location data in order to target a located product. 

21. A method aooording to claims 18. 19 or 20. wherein the method verifies the quality of two lines of product at the 
same time. 

A3 

22. A method according to any of claims 1 8 to 21 , wherein the product location data is provided by a vision system. 

23. A method according to any of claims I8to 22, wherein the determining step employs a Gaussian weighted function. 

S6 24, A method according to any of claims 18 to 23 further comprising a calibration step for calibrating the apparatus both 
on start-up and during operation, 

25. A method according to claim 24, wherein the calibration employs compensation representing a dark output and an 
output from a reference target 

30 

26. A method according to any of claims 1 8 to 25, wherein the determining step employs a weighting factor in Its deter- 
mination. 

27. A method according to claim 26, wherein the weighting factor is employed to emphasise features that do not 
35 change between samples of the same tablet type. 
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